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(57) ABSTRACT

An object is to provide a diesel engine control apparatus
configured to evaluate the activation state of a SCR catalyst at
high accuracy by means other than the temperature of the
catalyst and to control engine control parameters so as to
reduce the amount of NOx emission when the SCR catalyst is
in a non-active state. The diesel engine control apparatus
includes a diesel engine, an engine control unit, and an SCR
catalyst. The engine control unit includes a parameter setting
part configured to set engine control parameters; an operation
control part configured to control an operation state of the
diesel engine on the basis of the at least one engine control
parameter; and a purification state determination part config-
ured to determine a NOx purification state of the SCR cata-
lyst. The parameter setting part is configured to set the engine
control parameters so as to reduce the amount of NOx emis-
sion in the exhaust gas discharged from the diesel engine
when the NOx purification state of the SCR catalyst deter-
mined by the purification state determination part is below a
predetermined NOx purification state.

5 Claims, 9 Drawing Sheets
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1
DIESEL ENGINE CONTROL APPARATUS

TECHNICAL FIELD

The present disclosure relates to a diesel engine control
apparatus including an selective catalytic reduction (SCR)
catalyst for purifying NOx in exhaust gas.

BACKGROUND

A diesel engine control apparatus including an SCR cata-
lyst for purifying NOx in exhaust gas has a problem in that the
catalyst does not reach the activating temperature immedi-
ately after activation of the engine or when low-load opera-
tion at a low exhaust temperature is continued, which leads to
a low trend of the NOx purification state of the catalyst and
insufficiency in the NOx purification.

Patent Documents 1 to 4 (identified below) disclose tech-
niques for controlling an operation state of an engine in accor-
dance with the temperature of a catalyst. The techniques
control various engine control parameters such as an exhaust
gas recirculation (EGR) rate, a fuel injection pressure, or a
fuel injection timing in order to control the engine, and espe-
cially, to improve the fuel consumption when the temperature
of the catalyst has become the activating temperature.
Patent Document 1: Japanese Unexamined Patent Applica-

tion No. 2003-301737
Patent Document 2: Japanese Unexamined Patent Applica-

tion No. 2006-37769
Patent Document 3: Japanese Unexamined Patent Applica-

tion No. 2006-200473
Patent Document 4: Japanese Unexamined Patent Applica-

tion No. 2011-241775

SUMMARY

When controlling the operation state of an engine in accor-
dance with the temperature of a catalyst, the accurate activa-
tion state of the catalyst cannot be evaluated if the measure-
ment accuracy of the temperature of the catalyst is low. The
temperature of the catalyst is normally obtained by the tem-
perature of exhaust gas measured by a temperature sensor
disposed in the vicinity of the catalyst. Thus, there is a gap
between the measured temperature and the actual tempera-
ture of the catalyst.

Atleast one embodiment of the present invention was made
in view of the problem of the conventional techniques. An
object is to provide a diesel engine control apparatus config-
ured to evaluate the activation state of a SCR catalyst at high
accuracy by techniques other than the temperature of the
catalyst, and to control engine control parameters so as to
reduce the amount of NOx emission in a case where the SCR
catalyst is in a non-active state.

At least one embodiment of the present invention provides
a diesel-engine control apparatus including: a diesel engine;
an engine control unit for controlling an operation state of the
diesel engine; and an SCR catalyst for purifying NOx in
exhaust gas discharged from the diesel engine. The engine
control unit includes: a parameter setting part configured to
set at least one engine control parameter of the diesel engine;
an operation control part configured to control an operation
state of the diesel engine on the basis of the at least one engine
control parameter set by the parameter setting part; and a
purification state determination part configured to determine
a NOx purification state of the SCR catalyst. The parameter
setting part is configured to set the at least one engine control
parameter so as to reduce an amount of NOx emission in the
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2

exhaust gas discharged from the diesel engine when the NOx
purification state of the SCR catalyst determined by the puri-
fication state determination part is below a predetermined
NOx purification state.

The diesel engine control apparatus with the above con-
figuration includes the purification state determination part
for determining the NOx purification state of the SCR cata-
lyst, and evaluates the activation state of the SCR catalyst by
determining the NOx purification state of the SCR catalyst.
When the NOx purification state of the SCR catalyst is below
the predetermined NOX purification state, the parameter set-
ting part sets the engine control parameters so as to reduce the
amount of NOx emission of the exhaust gas discharged from
the diesel engine. In this way, emission of a large amount of
NOx to the outside while the SCR catalyst is in the non-active
state is prevented in advance.

Further, in one embodiment of the present invention, the at
least one engine control parameter includes at least one of an
EGR rate, a fuel injection pressure, or a fuel injection timing.

With the above configuration, it is possible to reduce the
combustion temperature and the amount of NOx emission by
increasing the EGR rate (increasing the amount of recircula-
tion of exhaust gas) when the NOx purification state of the
SCR catalyst is below the predetermined NOx purification
state. Further, itis possible to reduce the combustion tempera-
ture and the amount of NOx emission by reducing the fuel
injection pressure and the combustion efficiency. Still further,
it is possible to reduce the combustion temperature and the
amount of NOx emission by retarding the fuel injection tim-
ing to reduce the combustion pressure.

Further, in one embodiment of the present invention, the
purification state determination part is configured to deter-
mine the NOx purification state on the basis of a NOx puri-
fication rate of the SCR catalyst.

With the above configuration, it is possible to obtain the
NOx purification state of the SCR catalyst as the NOx puri-
fication rate in a quantitative way, which makes it possible to
evaluate the NOX purification state at high accuracy before
setting the engine control parameters.

Further, in one embodiment of the present invention, the
purification state determination part is configured to calculate
the NOx purification rate of the SCR catalyst on the basis of
NOx concentration of the exhaust gas at an upstream side and
a downstream side of the SCR catalyst measured by NOx
sensors to determine the NOX purification state on the basis of
the calculated NOx purification rate.

With the above configuration, it is possible to accurately
obtain the NOx purification rate of the SCR catalyst. Thus, it
is possible to evaluate the NOx purification state accurately.

In one embodiment of the present embodiment, the engine
control unit includes a NOx concentration estimation part
configured to estimate NOx concentration of the exhaust gas
discharged from the diesel engine on the basis of an engine
rotation speed and an amount of fuel injection of the diesel
engine. The purification state determination part is configured
to calculate the NOx purification rate of the SCR catalyst on
the basis of the NOx concentration estimated by the NOx
concentration estimation part and the NOx concentration in
the exhaust gas at a downstream side of the SCR catalyst
measured by a NOx sensor to determine the NOX purification
state on the basis of the calculated NOx purification rate.

With the above configuration, it is unnecessary to attach a
NOx sensor at the upstream side of the SCR catalyst. Thus, it
is possible to reduce the cost.

In one embodiment of the present invention, the diesel
engine control apparatus further includes a urea-aqueous
solution injecting device configured to inject a urea-aqueous
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solution into the exhaust gas at an upstream side of the SCR
catalyst. The purification state determination part is config-
ured to determine the NOx purification state on the basis of
whether the urea-aqueous solution injecting device is inject-
ing the urea-aqueous solution.

With the above configuration, it is possible to determine the
NOx purification state on the basis of a very simple determi-
nation criterion of whether the urea-aqueous solution inject-
ing device is injecting the urea-aqueous solution.

In one embodiment of the present invention, the engine
control unit includes an elapsed-time counting part config-
ured to count an elapsed time from activation of the diesel
engine. The purification state determination part is configured
to determine the NOx purification state on the basis of the
elapsed time from the activation of the engine.

With the above configuration, it is possible to determine the
NOx purification state on the basis of a very simple determi-
nation criterion of the elapsed time from the activation of the
engine.

According to at least one embodiment of the present inven-
tion, it is possible to provide the diesel engine control appa-
ratus capable of evaluating the activation state of the SCR
catalyst at high accuracy by determining the NOx purification
state of the SCR catalyst. The diesel engine control apparatus
is also configured to control the engine control parameters so
as to reduce the amount of NOx emission when the SCR
catalyst is in the non-active state.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a system configuration of a
diesel-engine control apparatus according to one embodi-
ment of the present invention.

FIG. 2 is a block diagram of a configuration of an ECU
according to one embodiment of the present invention.

FIG. 3 is an illustrative diagram of a relationship between
various engine control parameters and the amount of NOx
emission.

FIGS. 4A to 4C are control maps related to the various
engine control parameters.

FIG. 5 is a block diagram of a system configuration of a
diesel-engine control apparatus according to one embodi-
ment of the present invention.

FIG. 6 is a block diagram of a configuration of an ECU
according to one embodiment of the present invention.

FIG. 7 is adiagram illustrating a map of the amount of NOx
emission according to one embodiment of the present inven-
tion.

FIG. 8 is a block diagram of a configuration of an ECU
according to one embodiment of the present invention.

FIG. 9 is a block diagram of a configuration of an ECU
according to one embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention will now be
described in detail with reference to the accompanying draw-
ings. It is intended, however, that unless particularly speci-
fied, dimensions, materials, shapes, relative positions and the
like of components described in the embodiments shall be
interpreted as illustrative only and not limitative of the scope
of the present invention.

FIG. 1 is a block diagram of a system configuration of a
diesel-engine control apparatus according to one embodi-
ment of the present invention. First, an overall configuration
of a diesel engine control apparatus 1 of the present embodi-
ment will be described in reference to FIG. 1.
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As illustrated in FIG. 1, the diesel-engine control apparatus
1 of the present embodiment includes a diesel engine 10, an
engine control unit (hereinafter, referred to as “ECU”) 60 for
controlling the operation state of the diesel engine 10, an
intake passage 12 for supplying intake gas (air) to the diesel
engine 10, and an exhaust passage 14 through which exhaust
gas discharged from the diesel engine 10 passes. Here, arrows
“1”, “e”, and “c” in the drawing indicate the intake gas, the
exhaust gas, and the flow direction of the re-circulating
exhaust gas, respectively.

In the diesel engine 10, high-pressure fuel accumulated in
a common rail 26 is injected into a combustion chamber 10a
from a fuel injecting device 24. The high-pressure fuel is
supplied to the common rail 26 from a supply pump 28. The
ECU 60 controls the injection timing, injection pressure, and
amount of injection for the fuel being injected into the com-
bustion chamber 10a by transmitting control signals to the
above fuel injecting device 24 and the supply pump 28. Fur-
ther, a rotation speed sensor 61 is disposed in the diesel engine
10, and the engine rotation speed detected by the rotation
speed sensor 61 is transmitted to the ECU 60.

A turbocharger 20 is disposed between the intake passage
12 and the exhaust passage 14. The turbocharger 20 includes
an exhaust turbine 205 disposed on the exhaust passage 14
and a compressor 20a disposed on the intake passage 12. The
compressor 20a and the exhaust turbine 205 are driven by the
same shaft. The exhaust turbine 205 is rotated by the exhaust
gas so that the compressor 20a rotates to compress the intake
gas.

An intercooler 16 and a throttle valve 18 are disposed on
the intake passage 12. The air compressed by the compressor
20a of the above turbocharger 20 is cooled by the intercooler
16 and then the flow rate of the air is controlled by the throttle
valve 18, before flowing into the combustion chamber 10a of
the diesel engine 10.

Further, an airflow meter 17 for measuring the amount of
intake air is disposed on the upstream side of the intake
passage 12. The amount of intake air measured by the airflow
meter 17 is transmitted to the ECU 60. On the other hand, a
temperature sensor 66 and a pressure sensor 68 are disposed
on the downstream side of the throttle valve 18. The tempera-
ture and the pressure measured by the temperature sensor 66
and the pressure sensor 68, respectively, are transmitted to the
ECU 60.

An SCR catalyst 30 for purifying NOx in the passing
exhaust gas is disposed on the exhaust passage 14. Further, a
urea-aqueous solution injecting device 30 is disposed on the
upstream side of the SCR catalyst 30. The urea-aqueous solu-
tion injecting device 30 injects a urea-aqueous solution that is
stored in a urea-aqueous solution tank (not illustrated) toward
the exhaust passage 14 in response to the control signals from
the ECU 60. The urea-aqueous solution injected into the
exhaust passage 14 is hydrolyzed by the heat of the exhaust
gas to produce ammonia (NH,) which then serves as a reduc-
ing agent so that the NOx in the exhaust gas is reduced in the
SCR catalyst 30.

Further, NOx sensors 40a, 405 for measuring the NOx
concentration in the exhaust gas are disposed on the upstream
and downstream sides of the SCR catalyst 30, respectively.
The NOx concentration measured by the NOx sensors 40a,
405 is transmitted to the ECU 60.

Still further, a DOC catalyst 32 and a DPF device 34 are
disposed on the upstream side of the SCR catalyst 30, which
is also the downstream side of the exhaust turbine 205 of the
turbocharger 20, in the exhaust passage 14. The DOC catalyst
32 has a function of oxidizing and removing the hydrocarbon
(HC) and the carbon monoxide (CO) in the exhaust gas and
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oxidizing the nitrogen monoxide (NO) in the exhaust gas to
produce nitrogen dioxide (NO,). The DPF device 34 is dis-
posed on the downstream side of the DOC device 32 to collect
the exhaust particulate matters (PM) such as soot in the
exhaust gas with a filter to remove the exhaust particulate
matters from the exhaust gas.

Exhaust temperature sensors 62a, 625, 62¢ for measuring a
temperature of passing exhaust gas are disposed on the
upstream and downstream sides of the above DOC catalyst 32
and the DPF device 34. A differential pressure sensor 64 for
detecting a differential pressure between the upstream and
downstream sides of the DPF device 34 is also provided. The
measurement values of the exhaust temperature sensors 62a,
625, 62¢ and the differential pressure sensor 64 are transmit-
ted to the ECU 60.

Further, an EGR pipe 22 is branched from the upstream
side of the exhaust turbine 205 of the exhaust passage 14 to
connect to the intake passage 12 at the downstream side of the
throttle valve 18. An EGR cooler 23 for cooling the passing
exhaust gas and an EGR valve for opening and closing the
EGR pipe 22 are disposed on the EGR pipe 22. The EGR
valve 25 is controlled to be opened and closed so that a part of
the exhaust gas discharged from the engine 1 is re-circulated
to the diesel engine 1 through the EGR pipe 22. Also at this
time, control signals are transmitted to the throttle valve 18
and the EGR valve 25 from the ECU 60 to control the opening
degrees of the throttle valve 18 and the EGR valve 25, thereby
controlling the rate (EGR rate) of the amount of recirculation
of the exhaust gas to the amount of intake gas including the
amount of recirculation.

Next, the configuration of the ECU 60 of the present
embodiment will be described in reference to FIG. 2. FIG. 2
is a block diagram of a configuration of an ECU according to
one embodiment of the present invention.

As illustrated in FIG. 2, the ECU 60 of the present embodi-
ment at least includes a parameter setting part 60a for setting
engine control parameters for the diesel engine 10, an opera-
tion control part 605 for controlling the operation state of the
diesel engine 10 on the basis of the various engine control
parameters set by the parameter setting part 60a, and a puri-
fication state determination part 60c¢ for determining the NOx
purification state of the SCR catalyst 30.

The parameter setting part 60a sets engine control param-
eters such as the EGR rate, the fuel injection pressure, or the
injection timing so as to reduce the amount of NOx emission
in the exhaust gas discharged from the diesel engine 10 when
the NOx purification state of the SCR catalyst 30 determined
by the purification state determination part 60c is below a
predetermined NOX purification state. On the other hand, the
parameter setting part 60a sets the various engine control
parameters so as to achieve improvement of fuel consumption
or reduction of the particulate matters (PM) discharged from
the diesel engine 10 when the NOx purification state of the
SCR catalyst 30 is above the predetermined NOx purification
state.

Now, the relationship between the various engine control
parameters and the amount of NOx emission is illustrated in
FIG. 3. As illustrated in the drawing, the amount of NOx
emission decreases by increasing the EGR rate (increasing
the amount of recirculation of the exhaust gas), reducing the
fuel injection pressure, and retarding the fuel injection tim-
ing. This is because, while the amount of NOx emission tends
to decrease with a decrease in the combustion temperature,
increasing the EGR rate leads to a decrease in the amount of
oxygen in the combustion chamber 10a and thereby reduces
the combustion temperature. Further, reducing the fuel injec-
tion pressure leads to an increase in the size of the sprayed oil
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drops and a decrease in the spraying speed, thereby reducing
the combustion efficiency and therefore the combustion tem-
perature. Still further, retarding the fuel injection timing leads
to adecrease in the combustion pressure, thereby reducing the
combustion temperature.

On the other hand, when the fuel injection pressure is
increased or the fuel injection timing is advanced, the fuel
efficiency increases for reasons opposite to the above. Thus, it
is possible to achieve reduction of the amount of PM emission
and improvement of the fuel consumption.

Thus, the parameter setting part 60a sets the engine control
parameters so as to increase the EGR rate, reduce the fuel
injection pressure, and retard the fuel injection timing when
the NOx purification state of the SCR catalyst 30 is below a
predetermined NOX purification state. On the other hand, the
parameter setting part 60a sets the engine control parameters
so as to reduce the EGR rate, increase the fuel injection
pressure, and advance the fuel injection timing when the NOx
purification state of the SCR catalyst 30 is above the prede-
termined NOX purification state.

Further, the parameter setting part 60a stores control maps
related to the various engine control parameters in advance.
These control maps output various engine control parameters
such as a target EGR rate, a fuel injection pressure, and a fuel
injection timing, using the engine rotation speed and the
amount of fuel injection as the input variables. A plurality of
these control maps are prepared corresponding to the NOx
purification state of the SCR catalyst 30. In the present
embodiment, as illustrated in FIG. 4, two control maps asso-
ciated with the low NOx purification state and the high NOx
purification state are prepared for each engine control param-
eter. Then, the parameter setting part 60a inputs the engine
rotation speed and the amount of fuel injection to the control
map corresponding to the NOx purification state of the SCR
catalyst 30 to output and transmit engine control parameters
to the operation control part 604.

The operation control part 605 transmits control signals to
the throttle valve 18, the EGR valve 25, the supply pump 28,
and the fuel injecting device 24 so as to achieve the engine
control parameters transmitted from the parameter setting
part 60a. Then, the opening degrees of the throttle valve 18
and the EGR valve 25 are controlled to achieve the target EGR
rate transmitted from the parameter setting part 60a. Further,
the supply pressure of the supply pump 28 and the injection
timing of the fuel injecting device 24 are controlled to achieve
the fuel injection pressure and the fuel injection timing trans-
mitted from the parameter setting part 60a.

The purification state determination part 60c compares the
NOx purification rate of the SCR catalyst 30 with predeter-
mined threshold values to determine the NOx purification
state of the SCR catalyst 30. The purification rate of the SCR
catalyst 30 can be, for instance, calculated from the NOx
concentration at the upstream and downstream sides of the
SCR catalyst 30 transmitted from the NOx sensors 40a, 405.
As the threshold values of the NOx purification state, a thresh-
old value A and a threshold value B that is a higher purifica-
tion rate than the threshold value A are set in advance. Then,
the SCR catalyst 30 is determined to be in the low NOx
purification state when the NOx purification rate calculated
from the measurement values of the NOx sensors 40a, 405 is
not greater than the threshold value A. On the other hand, the
SCR catalyst 30 is determined to be in the high NOx purifi-
cation state when the NOx purification rate is not less than the
threshold value B.

The above described parameter setting part 60a sets the
engine control parameters on the basis of the control maps for
the low NOx state when the SCR catalyst 30 is determined to
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be in the low NOx purification state by the purification state
determination part 60c. On the other hand, the parameter
setting part 60a sets the engine control parameters on the
basis of the control maps for the high NOx state when the
SCR catalyst 30 is determined to be in the high NOx purifi-
cation state. Further, when the calculated NOx purification
rate is in a range from the threshold value A to the threshold
value B, two control maps are complemented to calculate the
engine control parameters by calculating proportions.

The diesel-engine control apparatus 1 of the present
embodiment with the above configuration includes the puri-
fication state determination part 60c¢ for determining the NOx
purification state of the SCR catalyst 30, and evaluates the
activation state of the SCR catalyst 30 by determining the
NOx purification state of the SCR catalyst 30. When the NOx
purification state of the SCR catalyst 30 is in the low NOx
purification state, the parameter setting part 60a sets the
engine control parameters so as to reduce the amount of NOx
emission in the exhaust gas discharged from the diesel engine
10. In this way, emission of a large amount of NOx to the
outside while the SCR catalyst 30 is in the non-active state is
prevented in advance.

Further, when the NOx purification state of the SCR cata-
lyst 30 is in the high NOx purification state, the parameter
setting part 60a sets the engine control parameters so as to
achieve reduction of the amount of PM emission and the
improvement of fuel consumption. With the above diesel-
engine control apparatus 1 of the present embodiment, it is
possible to restrict the amount of NOx emission, and to bal-
ance the reduction of the amount of PM emission and the
improvement of fuel consumption.

Still further, in the above embodiment, the purification
state determination part 60¢ determines the NOx purification
state of the SCR catalyst 30 on the basis of the NOx purifi-
cation rate. In this way, it is possible to obtain the NOx
purification state of the SCR catalyst 30 as the NOx purifica-
tion rate in a quantitative way, which makes it possible to
evaluate the NOx purification state accurately before setting
the engine control parameters.

Atthis time, it is also possible to accurately obtain the NOx
purification state of the SCR catalyst 30 by calculating the
NOx purification rate of the SCR catalyst 30 from the NOx
concentration measured by the NOx sensors 40a, 405 dis-
posed on the upstream and downstream sides of the SCR
catalyst 30. Thus, it is possible to evaluate the NOx purifica-
tion state accurately as compared to the following embodi-
ment.

FIG. 5 is a block diagram of a system configuration of a
diesel-engine control apparatus according to one embodi-
ment of the present invention. FIG. 6 is a block diagram of a
configuration of an ECU according to one embodiment of the
present invention. The diesel engine control apparatus 1 of the
present embodiment basically has the same configuration as
that of the above described embodiment. Thus, the same
components are indicated by the same reference signs in
accordance with the previous detailed description.

The diesel-engine control apparatus 1 of the present
embodiment does not include the NOx sensor 40a on the
upstream side of the SCR catalyst 30, as illustrated in FIG. 5.
Another difference from the above embodiment is that the
ECU 60 includes a NOx concentration estimation part 604
instead, as illustrated in FIG. 6.

The NOx concentration estimation part 60d stores a map of
the amount of NOx emission illustrated in FIG. 7. When the
engine rotation speed and the amount of fuel injection are
inputted into this map of the amount of NOx emission, the
amount of NOx emission from the diesel engine 10 is calcu-
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lated. The NOx concentration estimation part 604 estimates
the NOx concentration of the exhaust gas discharged from the
diesel engine 10 on the basis of the amount of NOx emission
calculated from the map of the amount of NOx emission and
the amount of intake gas supplied to the combustion chamber
10.

The NOx concentration estimated by the NOx concentra-
tion estimating part 604 is transmitted to the above purifica-
tion state determination part 60c. In the present embodiment,
the purification state determination part 60c¢ determines the
NOx purification state on the basis of the NOx concentration
estimated by the NOx concentration estimation part 604 and
the NOx concentration measured by the NOx sensor 405 at
the downstream side of the SCR catalyst 30.

According to the present embodiment, it is possible to
obtain the NOx purification state of the SCR catalyst 30 as the
NOx purification rate in a quantitative way, similarly to the
above embodiment. Thus, it is possible to evaluate the NOx
purification state accurately before setting the engine control
parameters. It is also possible to reduce the cost because it is
unnecessary to attach the NOx sensor 40a to the upstream
side of the SCR catalyst 30.

FIG. 8 is a block diagram of a configuration of an ECU
according to one embodiment of the present invention. The
diesel engine control apparatus 1 of the present embodiment
basically has the same configuration as those of the above
described embodiments. Thus, the same components are indi-
cated by the same reference signs in accordance with the
previous detailed description.

The present embodiment is different from the above
embodiments in that ON/OFF signals for urea-aqueous solu-
tion injection that are transmitted to the urea-aqueous solu-
tion injecting device 30a from the ECU 60 are also transmit-
ted to the purification state determination part 60c. Another
difference is that the purification state determination part 60c
determines the NOx purification state on the basis of whether
the urea-aqueous solution injecting device 30 is injecting the
urea-aqueous solution.

That is, the purification state determination part 60c of the
present embodiment determines that the SCR catalyst 30 is in
the high NOx purification state while the urea-aqueous inject-
ing device 30a is injecting the urea-aqueous solution. On the
other hand, it determines that the SCR catalyst 30 is in the low
NOx purification state while the urea-aqueous injecting
device 30q is not injecting the urea-aqueous solution. The
parameter setting part 60a sets the engine control parameters
on the basis of the control maps corresponding to the two-
stage NOx purification state including high and low states
determined in the purification state determination part 60c.

The present embodiment determines the NOx purification
state of the SCR catalyst on the basis of a very simple deter-
mination criterion of whether the urea-aqueous solution
injecting device 30q is injecting the urea-aqueous solution.
Thus, it is possible to determine the NOx purification state
with a simplified system configuration that does not require
the NOx sensors 40a, 405 or the NOx concentration estima-
tion part 604 in the ECU 60.

FIG. 9 is a block diagram of a configuration of an ECU
according to one embodiment of the present invention. The
diesel engine control apparatus 1 of the present embodiment
basically has the same configuration as those of the above
described embodiments. Thus, the same components are indi-
cated by the same reference signs in accordance with the
previous detailed description.

The present embodiment is different from the above
embodiments in that the ECU 60 includes an elapsed-time
counting part 60e for counting an elapsed time from the
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activation of the engine. The elapsed time from the activation
of the engine counted by the elapsed-time counting part is
transmitted to the above purification state determination part
60c. Then, the purification state determination part 60c deter-
mines the NOx purification state on the basis of the elapsed
time from the activation of the engine.

Until a predetermined time elapses after activation of the
engine, the temperature of the discharged exhaust gas is low
and thus it may be considered that the SCR catalyst 30 does
not reach the activating temperature. On the other hand, the
temperature of the exhaust gas rises and the SCR catalyst 30
may reach the activating temperature after the elapse of the
predetermined time from the activation of the engine. Thus, it
is possible to determine the NOx purification state with a very
simple determination factor of the elapsed time from the
activation of the engine by setting in advance a predetermined
time in which the SCR catalyst 30 reaches the activating
temperature corresponding to the type and usage of the diesel
engine 10, and by determining the NOx purification state
using this predetermined time set in advance as a threshold
value.

The present embodiment may be especially suitable when
applied to an engine that is operated in a mode within a
constant range of load for a predetermined period of time after
activation of the engine, for instance, as an engine for power
generation.

Embodiments of the present invention were described in
detail above, but the present invention is not limited thereto,
and various amendments and modifications may be imple-
mented within a scope that does not depart from the present
invention.

At least one embodiment of the present invention may be
suitably applied to a diesel engine control apparatus used in a
generator, an industrial vehicle such as a construction
machine, a forklift, or the like.

The invention claimed is:

1. A diesel-engine control apparatus, comprising:

a diesel engine;

an engine control unit to control an operation state of the

diesel engine; and

a selective catalytic reduction (SCR) catalyst to purify

NOx in exhaust gas discharged from the diesel engine,

wherein the engine control unit is to include:

a parameter setting part to set at least one engine control
parameter of the diesel engine;

an operation control part to control an operation state of
the diesel engine on the basis of the at least one engine
control parameter to be set by the parameter setting
part; and

a purification state determination part to calculate a NOx
purification rate of the SCR catalyst;

the at least one engine control parameter to comprise
three engine control parameters, which are an EGR
rate, a fuel injection pressure, and a fuel injection
timing,

the parameter setting part to store two control maps to
use an engine rotation speed and an amount of fuel
injection as input variables and to provide the engine
control parameter for each engine control parameter
in advance, the two control maps to comprise a first
control map for a relatively high NOx purification
state and a second control map for a relatively low
NOx purification state, the first control map to be
applied if the NOx purification rate of the SCR cata-
lystis notless than a first threshold, the second control
map to be applied if the NOx purification rate of the
SCR catalyst is not greater than a second threshold,
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the second threshold to be a lower purification rate
than the first threshold and to provide the engine con-
trol parameter so as to reduce an amount of NOx
emission in the exhaust gas to be discharged from the
diesel engine, and
the parameter setting part to:
set the at least one engine control parameter of the diesel
engine based, at least in part, on the engine control
parameter to be provided by the first control map ifthe
NOx purification rate to be calculated by the purifi-
cation state determination part is not less than the first
threshold;
set the engine control parameter of the diesel engine
based, at least in part, on the engine control parameter
to be provided by the second control map if the NOx
purification rate to be calculated by the purification
state determination part is not greater than the second
threshold; and
set the engine control parameter of the diesel engine
based, at least in part, on the engine control parameter
via a calculation of proportions to use the engine
parameter to be provided by the first control map and
the engine parameter to be provided by the second
control map if the NOx purification rate to be calcu-
lated by the purification state determination part to
comprise a range from the second threshold to the first
threshold.
2. The diesel-engine control apparatus according to claim
15
wherein the purification state determination part is to cal-
culate the NOx purification rate of the SCR catalyst on
the basis of NOx concentration of the exhaust gas at an
upstream side and a downstream side ofthe SCR catalyst
measured by NOx sensors to determine the NOx purifi-
cation state based, on the to be calculated NOx purifica-
tion rate.
3. The diesel-engine control apparatus according to claim
15
wherein the engine control unit is to comprise a NOx
concentration estimation part to estimate NOx concen-
tration of the exhaust gas to be discharged from the
diesel engine based, on an engine rotation speed and an
amount of fuel injection of the diesel engine, and
wherein the purification state determination part is to cal-
culate the NOx purification rate of the SCR catalyst
based, on the NOx concentration to be estimated by the
NOx concentration estimation part and the NOx concen-
tration in the exhaust gas at a downstream side of the
SCR catalyst to be measured by a NOx sensor to deter-
mine the NOx purification state based, on the to be
calculated NOx purification rate.
4. The diesel-engine control apparatus according to claim
1, further comprising
a urea-aqueous solution injecting device to inject a urea-
aqueous solution into the exhaust gas at an upstream side
of the SCR catalyst,
wherein the purification state determination part is to deter-
mine the NOx purification state based, on whether the
urea-aqueous solution injecting device is to inject the
urea-aqueous solution.
5. The diesel-engine control apparatus according to claim
15
wherein the engine control unit is to comprise an elapsed-
time counting part to count an elapsed time from activa-
tion of the diesel engine, and
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wherein the purification state determination part is to deter-
mine the NOx purification state based, on the elapsed
time from the activation of the engine.

#* #* #* #* #*

12



